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Effective reduction of the coercivity for Co72Pt28 thin film by exchange coupled
Co81Ir19 soft layer with negative magnetocrystalline anisotropy
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We report on the investigation of coercivity changes of the Co72Pt28/Co81Ir19 exchange-coupled
composite (ECC) media with negative soft-layer (SL) magnetocrystalline anisotropy (MA) . Our
results show that the hard-layer (HL) of our sample exhibits a columnar type microstructure with
well isolated grains and the SL with hcp-structure grows on top of the HL with the same texture.
Therefore, strong coupling of the two layers have been realized as evidenced by the magnetic char-
acterization. Importantly, we observe a more effective reduction of the coercivity of the ECC media
by using SLs with negative MA when compared to the use of SLs with positive or negligible MA.
The experimental results are corroborated by theoretical calculations.
PACS numbers: 75.70.-i, 75.50.Ss
I. INTRODUCTION
In order to solve the so called ”magentic record-
ing trilemma” problem, different approaches such
as exchange-coupled composite (ECC) media1–4 and
heat/microwave/light assisted magnetic recording5–7,
have been used to reduce the coercivity of the record-
ing media with very high uniaxial anisotropy constant.
Among them, the ECC media, in the form of mag-
netically hard/soft multi-layer structure, have attracted
much attention due to their promising potential in re-
solving the above mentioned trilemma challenge1–4. Ex-
tensive theoretical work have been performed to investi-
gate the effects of soft-layer (SL) thickness8,9, anisotropy
constant10–12, hard-to-soft layer coupling strength3,13–15,
and the magnetization reversal process14,16,17. Experi-
mentally, many work have been realized with FePt18–23,
CoPt24–28 due to their high uniaxial magnetocrystalline
anisotropy (MA) which is essential to maintain high ther-
mal stability in high density magnetic recoding. Consid-
erable reduction of the coercivity were achieved by chang-
ing the SL composition21,24,25 which alters its anisotropy
constant, and by changing the SL and/or interlayer
thickness18–20,26–28 which optimizes the hard-to-soft layer
coupling strength, thus improving the writability of the
media while keeping high thermal stability.
However, all these experimental work were done with
positive or negligible SL MA, Ks, in accordance with
the theoretical work of Suess et al.11. From the work
of Suess et al., optimal reduction of the switching field
can be realized with small but positive SL MA and the
switching field will increase by increasing the anisotropy
constant or by decreasing it towards the negative direc-
tion (see Fig. 2 in Ref.11). On the other hand, using
the model proposed by Victora et al.29, Wang et al.12
have shown that negative SL anisotropy actually has a
beneficial contribution in decreasing the switching field.
To resolve the different theoretical predictions between
Suess et al. and Victora et al. and to further optimize
the magnetic properties of the ECC media, it is very in-
teresting to experimentally investigate how does negative
SL MA affect the coercivity of the ECC system.
Therefore, we report detailed studies on the reduction
of its coercivity of the Co72Pt28/Co100−xIrx ECC sys-
tem. By changing the Ir content of the Co100−xIrx SL,
its MA can be tuned30,31. Here, positive MA means that
the easy axis of the magnetic material is along its crys-
tallographic c-axis and negative MA, on the other hand,
means that the easy axis is within its ab-plane. Thus, by
oriented-growth of the hcp-Co81Ir19 (negative MA with
x = 19) layer with its crystallographic c-axis parallel to
the normal of the film surface, its magnetic moments can
be restricted strictly in-plane by its negative MA, thus
providing a very strong negative total in-plane anisotropy
for our ECC media32,33. A series of samples with differ-
ent SL thickness and composition were investigated and
we will show that negative SL MA is more efficient in
reducing the coercivity of the ECC media, thus our re-
sults agree with the theoretical prediction of Victora et
al.12,29 and open a new playground for further improve-
ments of the magnetic properties of the ECC media for
high density magnetic recording.
II. EXPERIMENTS
Co72Pt28/Co81Ir19 ECC media system (Ks = −6 ×
105 J/m330) were prepared by DC perpendicular mag-
netron sputtering method with a layered structure of sub-
strate/Ta(5nm)/Pt(10 nm)/Ru(15 nm)/Co72Pt28(20 nm)
/Co81Ir19(ts nm) with ts=0∼15nm (see inset of Fig.1).
For simplicity, our sample will be denoted as HL/SL19
where HL/SL stands for hard-layer/soft-layer and 19
represents the Ir content. Si(100)-orientation wafer
with surface oxidation were used as substrate and
the Ta(5 nm)/Pt(10 nm) layer was grown to promote
Ru(002) texture which induces the columnar growth of
the Co72Pt28 layer with well isolated grains
34,35. For
2the growth of the HL and SL, Ar pressures of 4Pa and
0.3Pa were used, respectively. The base pressure before
deposition was lower than 2×10−5Pa. For comparison
reasons, ECC media systems with different SL composi-
tions were also prepared with a similar fashion. To be
exact, SL=Fe, Co and Co100−xIrx with x=23, 29 and 33
systems were prepared and these samples will be denoted
as HL/(Fe,Co) and HL/SL(23,29,33), respectively. Note,
that all Co100−xIrx with x=19, 23, 29 and 33 samples
have the same crystal structure30,31.
Chemical composition of our thin films have been char-
acterized by energy dispersive spectrometer. Grain mor-
phology of the sample was measured using a transmis-
sion electron microscope (TEM). The crystal structure of
our sample was characterized by x-ray diffraction (XRD)
with Cu Kα1 radiation. Characterization of the mag-
netic properties were done with a vibrating sample mag-
netometer (VSM). Dynamic magnetic properties were
measured with an electron spin resonance spectrome-
ter (ESR) to determine the intrinsic magnetocrystalline
anisotropy constant and the detailed procedure can be
found in our previously published works32,33. These mea-
surements were all done at room temperature and our
samples were stored under vacuum when the measure-
ments are done.
III. RESULTS AND DISCUSSION
In Fig.1 we present the typical TEM image of the cross
section of sample HL/SL19 with ts=5nm. Columnar
growth of the Co72Pt28 layer with well isolated grains
can be seen from the image and the well isolated na-
ture of these grains are also reflected by the tilted mag-
netic hysteresis loop of the HL sample as shown later
in Fig.3 (a)35. The XRD pattern of our sample are
shown in Fig.2. All samples exhibit three main peaks
at 39.6o, 42.1o, and 43.1o which correspond to Pt (111),
Ru (002), and Co72Pt28/Co81Ir19 (002) peaks
30,34, re-
spectively. The minor peak at 47.7o comes from the Si
substrate. A closer check on the third peak at 43.1o,
one can find that the peak is actually composed of two
peaks corresponding to Co72Pt28 and Co81Ir19 layers as
denoted by the vertical green dash-doted lines in Fig.2.
However, trying to fit this peak with two sub-peaks was
not successful due to their closeness and thus we fitted
this peak with only one peak. The determined peak full
width at half maximum (FWHM) was plotted as a func-
tion of the SL thickness, as shown in the inset of Fig.2.
One can see that FWHM increases with the SL thickness
being consistent with the gradual increase in intensity
of the SL sub-peak, inline with the gradual increase of
the volume fraction of the SL. Importantly, the only ob-
servable (002) peak for the Co72Pt28 and Co81Ir19 layers
indicate the oriented-growth of the these layers. Since
Co72Pt28 (Co81Ir19) layer exhibit positive (negative) MA,
the easy magnetic direction of the Co72Pt28 (Co81Ir19)
layer is parallel (perpendicular) to the normal of the film
FIG. 1: (color online) TEM image of the cross section of the
HL/SL19 sample with the SL thickness of 5 nm. Inset shows
the schematic layer structure.
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FIG. 2: (color online) XRD patterns of the HL/SL19 samples
with indicated soft layer thicknesses. The solid lines represent
profile fitting as described in the text. Inset shows the soft
layer thickness dependence of the HL/SL19 (002) peak width.
surface30,32,34.
Normalized magnetic hysteresis loops of our sample
were shown in Fig.3 (a)-(d). In Fig.3 (a) we present the
measurements for Co72Pt28 and Co81Ir19 separate lay-
ers grown on the same seed-layer. The measurements
were done with the applied magnetic field along the
easy magnetic direction of the HL (perpendicular to the
film plane) or SL (parallel to the film plane) sample.
For the HL sample, the easy-axis coercivity and satu-
ration magnetization were determined to be 0.51T and
1.1×106A/m, respectively. The MA of the HL was cal-
culated to be 1.25×106 J/m3 by the area difference be-
tween the hard-axis and easy-axis hysteresis loops. These
magnetic parameters are close to reported values of sim-
ilar composition34,36. The tilt of the hysteresis loop sug-
gests a weak inter-granular coupling of the HL, which is
favorable for the application in perpendicular magnetic
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FIG. 3: (color online) (a) Magnetic hysteresis loops of the
separate HL and SL samples grown on the same seed-layer
with applied magnetic field along the easy magnetic direction
of the sample indicating good hard/soft magnetic properties.
Note the very different µ0H scale. (b) Magnetic hysteresis
loops of sample HL/SL19 with different SL thicknesses. (c)
Comparison of the magnetic hysteresis loops between samples
with no SL and Co(5 nm), Fe(5 nm) and SL19(5 nm) as the SL.
(d) Magnetic hysteresis loops of samples HL/SL(19-33) with
various SL anisotropy constant. Note that the hysteresis loops
in (c)-(d) have been measured with the external field applied
perpendicular to the film plane.
recording35. For the SL sample, an easy-axis coercivity
of 0.004T and saturation magnetization of 1.2×106A/m
were obtained which are close to the values of our previ-
ous report30. These results prove that, under the current
film growth conditions, HL and SL films with good struc-
tural and magnetic properties can be obtained.
In Fig.3 (b), we present the measurements for our
ECC sample HL/SL19 with different SL thicknesses,
ts=0∼15nm. Clearly, the coercivity of the ECC system
were greatly reduced. No obvious step were observed dur-
ing the magnetization reversal process, indicating strong
coupling between the hard and soft layers being con-
sistent with the absence of any interlayers between the
two layers, which shows the uniform switching of the SL
with respect to the HL. However, as the SL thickness ts
increases, the perpendicular magnetic anisotropy of the
ECC media is significantly degraded as the rectangular
loops tend to tilt more and more with increasing ts. This
corresponds to a reduction of the squareness ratio of the
hysteresis loops, which indicates the domination of the
negative anisotropy of the SL, resulting in a reduction of
the remanence of hysteresis loops25.
For comparison, we also prepared HL/Co(5 nm) and
HL/Fe(5 nm) ECC samples with small but positive SL
MA and their magnetic hysteresis loops are shown to-
gether with that of HL/SL19(5nm) in Fig.3 (c). Obvi-
ously, the SL19 layer with negative MA is more efficient
in reducing the coercivity of the ECC system. Addition-
ally, to study how the reduction of the coercivity depends
on the strength of the anisotropy constant of the SL for
the ECC media, we prepared different samples with dif-
ferent Ir content in the SL, thus different SL MA30,31, as
shown in Fig.3 (d). One can see that the strength of the
anisotropy constant does not have significant impacts on
the media coercivity as the SL thickness does.
To see the coercivity reduction more clearly, we sum-
marized our results in Table I and Fig.4 together with
published data on the CoPt system with different SLs.
Obviously, as shown in Fig.4 (a), Co81Ir19 SL with neg-
ative MA is more effective in reducing the ECC media
coercivity for any defined SL thickness. In Fig.4 (b), we
present the reduction of the media coercivity as a func-
tion of the SL MA constant. The data have been nor-
malized to the value of the most right side data point
at Ks=-3.5×10
5 J/m3 for better comparison with calcu-
lations. The enhanced reduction with decreasing Ks is
inconsistent with the predictions by Suess et al.11; how-
ever being in agreement with the results of Victora et
al.12,29.
TABLE I: Published data on the coercivity µ0HC reduction
for the Co100−xPtx system using different soft layers. ts de-
notes the hard/soft-layer thickness and * indicates the current
work.
Hard/soft-layer ts (nm) µ0HC (T) ref.
CoPt-SiO2/Co-SiO2 20/0-20 0.7-0.35
26
CoCrPt/CoTb 20/0-11 0.4-0.3 37
Co71Pt29-TiO2/Co-TiO2 15/0-15 0.47-0.2
27
Co71Pt29-TiO2/Co93Pt7-TiO2 15/0-15 0.47-0.3
27
Co71Pt29-TiO2/Co83Pt17-TiO2 15/0-15 0.47-0.42
27
Co74Pt22Ni4/Ni73O27 12/0-20 0.75-0.3
28
Co72Pt28/Co81Ir19 20/0-15 0.52-0.052 *
To understand this results more clearly, we would like
to revisit the theoretical model used by Suess et al.
and Wang et al.. In the work of Suess et al.11, they
calculated the switching field with a simple expression
Hs = max(Hp, Hn) with
Hn =
2Ks
µ0M1
+
2Api2
4t2sµ0M1
Hp =
1
4
×
2(Kh −Ks)
µ0M2
, (1)
where µ0Hn and µ0Hp represent the nucleation field in
the soft layer and pinning field at the interface, respec-
tively. Ks and Kh denote the anisotropy constants of
the soft and hard layers. A is the intragranular exchange
constant and M1/M2 is the saturation magnetization of
the soft/hard layer. ts is the soft layer thickness. On
the other hand, Victora et al.12,29 used a more complete
model by minimizing the total energy of the ECC sys-
tem. In this model, the total magnetic energy of the
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FIG. 4: (color online) (a) Reduction of the coercivity of the
ECC media for various HL/SL systems as a function of the
SL thickness. For comparison reasons, the data were normal-
ized to the initial value with zero SL thickness. Data with HL
composition of Co71Pt29-TiO2 was taken from Ref.
27, CoPt-
SiO2 was taken from Ref.
26, CoCrPt was taken from Ref.37,
and Co74Pt22Ni4 was taken from Ref.
28. (b) Influence of the
strength of the SL MA on the coercivity of the ECC media
with a SL thickness of 5 nm. Theoretical calculations were
done using equation 1 (Suess’s theory) and equation 2 (Vic-
tora’s theory) for comparison as described in the main text.
ECC system can be expressed by
E = HM1cosθ1V1 +HM2cosθ2V2 +K1sin
2θ1V1
+K2sin
2θ2V2 − Jecos(θ1 − θ2), (2)
where µ0H ,Mi, Ki, and Vi denote the external field, sat-
uration magnetization, anisotropy constant and volume
of the particle, respectively. Sub-index 1, 2 indicate the
soft, hard region, respectively. Je is the exchange con-
stant and θi indicates the angle between the magnetic
moments and the external filed. In addition, demagne-
tizing energy was included properly in this model which
was omitted by Suess et al. in their calculation11.
In the calculation work of Wang et al., Victora’s model
was used and the negative SL anisotropy was assumed
to come from the demagnetizing field which is limited
by the largest demagnetizing factor (N = 1) by set-
ting the MA to zero12. Here, we further push the total
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FIG. 5: (color online) (a) Switching field Hsw as a func-
tion of the interlayer exchange field He with various soft layer
anisotropy Hk1. (b) Dependence of the gain factor ξ on He
with various Hk1.
SL anisotropy towards the negative direction by using
Co1−xIrx with negative MA (total in-plane anisotropy
field can be expressed as Hk1 = −Ms + 2Ks/µ0Ms).
As shown in Fig.5, we recalculated the switching field
µ0Hsw and Gain factor ξ as a function of the interlayer
exchange field µ0He using the same procedure as done
by Wang et al12 with the total in-plane anisotropy field
µ0Hk1 up to a negative value of −2.408T. The Gain fac-
tor, which is a reflection of the thermal stability, is de-
fined as ξ = 2∆E/(HswMaV ), where ∆E, Ma and V
are the total anisotropy energy, average saturation mag-
netization, and total volume, respectively. From Fig. 5
(a)-(b), one can see that in the strong coupling regime
(bigger µ0He), the more negative of the SL MA the more
efficient in reducing the switching field and the bigger of
the Gain factor can be obtained. According to these re-
sults, the same conclusion can be drawn as in reference12,
that is by using a SL with negativeKs can further reduce
the switching field of the ECC system and can further in-
crease the Gain factor ξ even up to very large negative
values of the MA (Ks=-6×10
5 J/m3 in our case).
In order to reproduce the same trend of our experi-
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FIG. 6: (color online) Thickness dependence of the normal-
ized coercivity (left axis) and thermal stability factor (right
axis) of our sample HL/SL19 .
mental results, we calculated the SL MA dependence of
the coercivity reduction using the above two theories as
shown in Fig.4 (b). Clearly, in opposite to the results of
Suess et al., Victora’s theory predicts the same trend with
our experiments. For the calculation, A = 10−11 J/m3
and exchange field of µ0He = 4T were used. The SL
thickness was set to be 5 nm which is the same as our
experiments, the anisotropy constant and the saturation
magnetization of the HL and SL were taken from the
measured values in this work. First, calculation of the
switching field were done separately using equation (1)11
and equation (2)12. Then, they were normalized together
with experimental data at the most right point (Ks=-
3.5×105 J/m3) for comparison of the trends with chang-
ing MA. As shown by equation (2), Victora’s model starts
from a more general way and the switching field can be
calculated by minimizing the total energy against θ1 and
θ2
12,29. The magnetostatic field coming from other grains
of the media is considered as external field. Most impor-
tantly, it points out that the demagnetizing energy is
not a negligible factor for the ECC media since it has
an obvious contribution to the anisotropy of the SL. We
further notice that Suess’s model predicts an decrease of
the thermal stability of the recording media with negative
magnetocrystalline anisotropy of the SL11. On the other
hand, in our calculation using Victora’s model, we can
get enhanced thermal stability for stronger inter-layer
coupling regimes (larger Gain factor in our calculation
as discussed above.).
To check the thermal stability of our ECC media, we
measured the remnant coercivity µ0Hr as a function of
waiting time to study the magnetic decay of our sample.
First, a negative saturation field of 2T was applied, then
the field was increased to positive fields around the coer-
cive field for some waiting time t, after that the field was
set to zero and measure the magnetic moment of the film.
The remnant coercivity µ0Hr(t) can be obtained by lin-
ear fitting of the measured M(H) curve for each waiting
time t. The thermal stability factor KuV/kBT can then
be evaluated by analyzing the time dependent µ0Hr(t)
using Sharrock’s equation38,
Hr(t) = Hr(0){1− [
kBT
KuV
ln(
f0t
ln 2
)]1/n}, (3)
where f0 is called the attempt frequency (∼ 10
10Hz for
magnetic systems38), n=1.5 was fixed39. KuV is the en-
ergy barrier at zero applied field, and kBT is the thermal
energy required to flip the magnetization. The obtained
KuV/kBT are shown in Fig. 6 together with the coerciv-
ity reduction of our HL/SL19 sample. As can be seen, dif-
ferent with the monotonic decrease behavior of the coer-
civity, the thermal stability factor first increase with the
SL thickness up to 6 nm and then decrease with further
increase of the SL thickness. Similar to the FePt-C/FePt4
system, the initial increase can be attributed to the in-
crease of the switching volume due to the strong exchange
coupling between the HL and SL, and the decrease above
6 nm is mainly due to the demagnetizing effect. Typical
KuV/kBT for the current perpendicular recording me-
dia using CoCrPt system is around 8040, which is much
smaller than our value of 226 at zero SL thickness. There-
fore, our ECC media show very good thermal stability
and writability than the current CoCrPt perpendicular
media. Finally, we would like to emphasize the advan-
tage of Victora’s model in the study of ECC media sys-
tems and the rather regretful fact that no experimental
work using SLs with negative MA have been employed
to reduce the coercivity of the ECC media. We hope
that our work will promote further experimental work in
this direction and promote further improvements of the
writability for high density magnetic recording.
IV. SUMMARY
In conclusion, we have prepared Co72Pt28/Co81Ir19
ECC media with negative SL MA. TEM image shows
the columnar growth of the Co72Pt28 HL and XRD mea-
surements shows the oriented-growth of the SL on top
of the HL with hcp-structure. Good hard/soft magnetic
properties of the hard/soft layers have been proved by
our VSM measurements. We observe a single step mag-
netization reversal of the ECC media, suggesting strong
coupling of the hard and soft magnetic layers. More in-
terestingly, we observe an enhanced reduction of the coer-
civity of the ECC media by using SLs with negative MA
when compared to the use of SLs with small but positive
MA. These results have been qualitatively reproduced by
theoretical calculations. Therefore, our results provide a
new direction for us to further improve the writability of
the ECC media for future high density magnetic record-
ing.
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